Remarkable temporal and spatial variations occur on selected body temperature (T sel ) and locomotor performance for Plestiodon (Eumeces) chinensis, commonly known as Chinese skinks. However, the significance of these variations remains elusive. Th is study focuses on the eff ects of thermal environment and food availability on P. chinensis 's T sel and locomotor performance. Th e duration of thermal treatment (4h and 8h) displayed signifi cant eff ects on T sel , additionally the eff ects of thermal treatment were also dependent on food-availability. Th ere was no signifi cant variation in skink's T sel under diverse thermal treatments when suffi cient food was available. However, with insuffi cient food source, the T sel decreased with decrease in the duration of thermal treatment. Th ermal acclimation also aff ected locomotor performance of P. chinensis, as the 8h thermal treatment enhanced their locomotor performance. However, food availability alone had no signifi cant impact on the locomotor performance. Th erefore, the combination of thermal acclimation and food availability could cause variations in T sel and locomotor performance of skinks, suggesting that thermal environment and food condition in nature are important factors involved in temporal and spatial variations for T sel and locomotor performance. © Koninklijke Brill NV, Leiden, 2010. 
Introduction
Th e survival of many organisms is greatly aff ected by the dynamic biological and nonbiological factors, such as temperature, humidity, food conditions and predation pressure (Adolph and Porter, 1993 ; Lima and Bednekoff , 1999 ; Yom-Tov and Geff en, 2006; Madsen and Shine, 2000 ) . Th erefore, the adaptation of organisms to their dynamic environmental conditions, both physiologically and behaviorally, has been an important research topic.
Many ectotherms regulate their body temperature using thermoregulation behaviors such as sun-basking, shuttling between cold and warm microhabitats (May, 1979 ; Avery, 1982 ) . Selected body temperature (T sel ) is the body temperature animals try to reach under ideal environmental conditions without any physical and biological constraints (Ji et al., 1995 ; Du et al., 2000 ) . Th erefore, T sel is an important variable in the thermal biology that may partly refl ect thermal adaptation of ectotherms. Locomotor performance is an essential ability of many animals to escape danger, obtain food, and choose mating partners, and thus has critical impact on survival and reproduction in ectotherms (Pough and Andrews, 1985 ; Webb, 1986 ; Robson and Miles, 2000 ; Wilson, 2001 ; Shine, 2003 ) . Th erefore, understanding the variations in the T sel and thermal sensitivity of locomotor performance and their underlying causes would provide important information on the adaptation of ectotherms to their environment.
Th e T sel and locomotor performance of ectotherms exhibit geographic and seasonal variations (e.g. Rock et al., 2000 ; Wilson, 2001 ; Du, 2006 ) . Th ese variations not only stem from their genetic diff erences, but also from the environmental factors (Van Damme et al., 1989 ) . Among such factors, ambient temperature and food availability are undoubtedly the most important, since temperature can aff ect the behavior and physiological functions (Johnston and Bennett, 1996 ) , and food consumption provides the required energy input (Sibly, 1981 ) . Although the environmental temperature and food availability may aff ect T sel and locomotor performance in some species (Swoap et al., 1993 ; Rock et al., 2000 ; Lin and Ji, 2005 ; Li et al., 2009 ) , most studies were carried out with constant temperature and ignored potential eff ects of fl uctuating temperature that could cause more profound variation in T sel and locomotor performance. Furthermore, both environmental temperature and food availability is suspected to have cumulative eff ects on the above-mentioned behaviors; however, these eff ects have not been clearly understood.
Plestiodon (Eumeces) chinensis is a medium-sized (up to 120 mm snout-vent length), diurnal lizard belonging to the Scincidae family inhabiting the Southern China (Ji et al., 2002 ) . Plestiodon chinensis preys mainly on small-sized invertebrates and lives in the plain regions at low altitudes (Zhao and Adler, 1993 ) . Th e gonadal activity of P. chinensis suggests its reproduction peak period to be between April and June (Hu et al., 2004 ) . Females produce a single clutch annually with a mean clutch size of 20 (Ji et al., 2002 ) . Previous studies have found the average T sel of P. chinensis to be 31.2 °C and their locomotor performance exhibited strong thermal dependence (Ji et al., 1995 ) . Short-time food shortage caused an increase in locomotor performance of P. chinensis due to the decline of body mass (Lin and Ji, 2005 ) . However, long-term food shortage is expected to reduce energy assimilation and musculature growth (Nagy, 1983 ) , and thereby has negative eff ects on locomotor performance. Th erefore, more detailed studies would help to understand how thermal environment and food availability cause phenotypic changes in T sel and locomotor performance. Th e present study determined if the fl uctuation in ambient temperature and food availability would alter P. chinensis overall behavior by monitoring their T sel and locomotor performance under diff erent thermal and nutritional treatments. Th e aim of this study is to determine the eff ects of thermal environment and food intake on T sel and locomotion of P. chinensis and mechanisms underlying the impact of diff erent factors collectively aff ecting the T sel and locomotor performance of P. chinensis under diff erent thermal environment and food conditions.
Materials and methods

Animal collection and husbandry
A total of 68 matured male P. chinensis were collected (SVL>88mm, Lin and Ji, 2000 ) from Huashu Town in Quzhou of Zhejiang Province, China (112 m, 118°44´E, 28°52´N). Th e skinks were kept individually in 300×200×185mm plastic cases with moist paper extended to the bottom, and were fed with Tenebrio molitor larva, vitamin, mineral substance and drinking water. Half PVC pipes were off ered to P. chinensis as shelters. Th e plastic cases were placed in a temperature regulated room set at 24°C with fi xed photoperiod 12L: 12D. Half of the bottom of plastic case was heated by 75W electric heating boards. Th e heating boards produced a temperature gradient from 24°C to 45°C, and this temperature gradient allowed the skinks to adjust their body temperature.
Th ermal and food treatments
In nature, Chinese skinks experience considerable seasonal variation in thermal environment and food availability. For example, the average daily sunshine time is longer in July (7.9h) than in April (3.9h) in Quzhou (Quzhou Bureau of Meteorology). Accordingly, our study adopted two thermal treatments (8h and 4h heating) and two food availability treatments (suffi cient and insuffi cient food intake) to mimic the seasonal variations in thermal environment and food availability in this species. A thigmothermic heat source was used to mimic the seasonal diff erence in solar radiation. Th e heating board at the bottom of the plastic case was turned on for 8h or 4h every day starting at 9 am. Suffi cient food intake treatment provided food in excess, while the insuffi cient food treatment provided 60% of food amount P. chinensis normally requires at 28°C, which can provide the skink the minimum energy requirement for maintenance, energy storage, and growth in captivity (Ji et al., 1995 ) . All the 68 skinks were evenly divided into 4 treatment groups: 1) 8h heating with suffi cient food intake, 2) 8h heating with insuffi cient food intake, 3) 4h heating with suffi cient food intake, 4) 4h heating with insuffi cient food intake. Th e experiment lasted 40 days, and the snout-vent length (SVL, ±1mm) and body mass (BM, ±1mg) were measured at the beginning and end of the experiment. Th e T sel was measured on day 25, and locomotor performance on day 30.
Selected body temperature and locomotor performance
Active body temperature. Cloacal temperature of individual skinks were measured using UNT T325 electronic thermal meter for every hour from 08:00hrs -18:00hrs in the 4 treatment groups during the course of treatment. Th e data sets collected were used to evaluate the validity of thermal treatments.
Selected body temperature. Th e test was conducted in a 16°C temperature regulated room, with 1200 ×600 × 500mm (length × width × height) glass tub containing sand, stone, wood board and grass to mimic outdoor environment. A 500W heating lamp was hung on one end of the glass jar to generate heat up to 65°C temperature gradients. Th e skinks were released from at the cold end of the temperature gradient. On the second day, the cloacal temperature of animals was measured using UNT T325 electronic thermal meter at 9:00 hrs and 15:00 hrs. Th e average of the two data obtained was calculated as the selected body temperature. During the test, the lizards were provided with the same amount of food as they had been treated.
Locomotor performance. Th e test was conducted in 1800×150×200 mm wood runway with a rough surface. Scales were marked at every 250mm on one side, and a transparent glass on the other side to allow video capture of animal's locomotion. Prior to the test, a 2h acclimation period under test temperature (30±0.5°C) was provided to the skinks. Th e skink entered from one end, ran through 1500mm (6 intervals of 250mm) and the process was recorded. Th e locomotion was captured using digital vidicon (SONY, DCR-SR220E). A total of three measurements were conducted on each skink at 1h interval. Th e recorded locomotion video was analyzed by Windows Movie Maker (Microsoft Corp., USA) to calculate the sprint speed as the skink ran across every 250mm. Th e fastest speed per 250mm was recorded for each test, and the average of the three data sets was calculated as sprint speed.
Data Analysis
STATISTICA 6.0 software (StatSoft Inc.) was used to statistically analyze the data. Normality of distributions and homogeneity of variances were tested using the Kolmogorov−Smirnov test and Bartlett's test, respectively. Repeated measures ANOVA were employed to detect the eff ects of thermal environment and food availability on active body temperature of P. chinensis. Two-way ANOVA was used to detect the eff ects of thermal environment and food availability on growth, selected body temperature and locomotor performance. Tukey's post-hoc multiple-comparison was used to distinguish the mean traits values for each group.
Results
Active body temperature
Th e body temperature of P. chinensis varied dramatically among treatments. During the 4h heating period from 9:00 hrs-13:00 hrs, the body temperatures of all the treated individuals were high (over 30°C), and there was no signifi cant diff erence among diff erent treatment groups ( table 1 , fi g. 1 ). However, once the heating stopped, the body temperature of skinks from 4h treatments signifi cantly dropped, and the body temperature of the skinks supplemented with 60% food was lower compared to the skinks with suffi cient food supplement ( table 1 , fi g. 1 ). Th erefore, variations in temperature and food availability aff ect body temperature in P. chinensis.
Growth
Th ere were no initial diff erences in snout-vent length and body mass among treatment groups ( table 1 ) . Th e snout-vent length remained the same under diff erent treatments; Figure 1 . Temporal variation in body temperatures of the P. chinensis . Body temperatures of 17 individuals at four treatments were recorded hourly at daytime, and are presented as mean ± SE. Th e four treatments diff ered in thermal environment and food availability: (1) 4h-heating and 60% food, (2) 4h-heating and 100% food, (3) 8h-heating and 60% food, and (4) 8h-heating and 100% food. Body temperatures of the skinks increased signifi cantly when heating pads had been turn on for 4h or 8h depending on the treatments.
however an increase in the body mass of P. chinensis was observed ( table 1 ) . Th e individual weight increase during the 8h heat treatment was signifi cantly higher compared to the individuals during the 4h heat treatment. Th e weight increase in the individuals supplemented with suffi cient food treatment was higher than those with 60% food supplement ( fi g. 2 ). Body mass change was not aff ected by interaction between thermal regime and food availability.
Selected body temperature
Th e selected body temperature of P. chinensis was signifi cantly aff ected by thermal treatment; however no correlation was determined with food availability ( table 1 ) . Th e heat treatments and food levels together had joined eff ects on selected body temperature. Th e individuals from the two heating treatments had no signifi cant diff erence in their T sel upon suffi cient food supplement. During insuffi cient food intake, 4h heating treatment caused animals to lower their selected body temperature ( fi g. 3 ). Tukey's post-hoc test indicated that selected body temperature was signifi cantly lower for skinks belonging to the 4h-60% food intake group compared to the individuals from other groups.
Locomotor performance
Heat treatments, but not food availability, signifi cantly aff ected the locomotor performance of P. chinensis ( table 1 ) . Th e skinks belonging to the 8h heat treatment group had enhanced sprint speed compared to other groups ( fi g. 4 ). Figure 2. Growth rate of body mass in the ( P. chinensis ) kept at four diff erent treatments of thermal environment and food availability. Growth rates were calculated as daily increments of body mass. Data showed as mean ± SE. Numbers above the error bar are sample size. 
Discussion
Many lizards keep their body temperature within a suitable temperature range by behavioral and physiological adjustments, and therefore maintain body functions near optimal levels (Hertz et al., 1993 ; Angilletta et al., 2002 ) . Th e T sel of P. chinensis measured in our study was consistent with previous researches (Ji et al., 1995 ) . Th e T sel of skinks is often closely related with their thermal environment with those living in open and warm environment tend to have T sel higher than 30°C, such as P. chinensis, Plestiodon (Eumeces) elegans, and Eremias brenchleyi (Ji et al., 1995 ; Du et al., 2000 ; Xu et al., 2001 ) , in contrast, those inhabiting in gloomy, closed and cool environment tend to have lower T sel (25°C), such as Sphenomorphus indicus (Ji et al., 1997 ) . Within a species, selected body temperature of lizards in the summer is found to be higher than that in the fall (Firth and Belan, 1998 ; Rock et al., 2000 ) . Th is intra-species variation in T sel under diff erent thermal environments likely refl ects thermal acclimation. For example, high-temperature acclimation, but not low-temperature acclimation, caused upper excursion on T sel (Yang et al., 2008 ) .
Th e present study demonstrated that the thermal acclimation and food intake levels aff ect T sel . With suffi cient food, T sel exhibited no signifi cant diff erence between diff erent thermal treatments. Interestingly, insuffi cient food intake also aff ected T sel between thermal treatments ( fi g. 3 ). Th e active body temperature of skinks also followed similar pattern during the treatment: the skinks belonging to 4h heating-60% food intake group had relatively lower body temperature ( fi g. 1 ). Such thermal selection mode of P. chinensis could be attributed to behavior adaptability under low temperature and food scarcity. Th e metabolism rate of skinks indicated a positive correlation with its body temperature (Huey, 1982 ) ; selecting a lower temperature thereby reduces energy consumption. In addition, lower selected body temperature for skinks from 4h heating-60% food intake group could be due to the increased amount of time spent on foraging compared to thermoregulation. Alternatively, the low selected body temperature is presumably a result of pathology eff ect due to low temperature and low food availability.
Previous studies have indicated that temperatures may aff ect the locomotor performance of P. chinensis signifi cantly. Locomotor performance was enhanced with increase in body temperature at low temperatures and started decreasing over 34°C (Ji et al., 1995 ) . Our study further demonstrates that thermal acclimation also aff ect locomotor performance in this species. Th e individual's locomotor performance under 8h thermal treatment was better than those under 4h thermal treatment ( fi g. 4 ). Th is observation could be attributed to the role of body temperature in metabolism and physiological function (Johnston et al., 1985 ; Rall and Woledge, 1990 ) , although the underlying physiological mechanisms are complex (Herrel et al., 2007 ) . During the experiment, body mass increase varied under diff erent treatments, such as 8h thermal treatment resulted in increased food intake and led to signifi cant body mass increase than those from the 4h thermal treatment. Higher net energy input can turn into musculature growth and energy reserves (Nagy, 1983 ) , and would presumably enhance the physiological and bio-chemical properties of muscle, and therefore aff ecting locomotor performance. In contrast, fed P. chinensis had lower sprint speeds compared 3-dayfasted skinks (Lin and Ji, 2005 ) . Th is discrepancy is attributed to the diff erent food regimes used in these studies. Short-term fasting unlikely aff ected physiological and bio-chemical characteristics of individuals, but reduced body mass to increase sprint speeds (Lin and Ji, 2005 ) . However, in this study, the advantage of body mass decrease on locomotor performance of skinks is cancelled by the potential negative eff ects of long-term food shortage on locomotive physiology. Th erefore, variation in the locomotor performance between diff erent thermal treatments was likely due to thermal acclimation, which caused variations in metabolism and muscle physiological functions (Seebacher and James, 2008 ) . However, further research would help to elucidate the physiological and bio-chemical mechanisms on the mechanisms of thermal acclimation induce variations in locomotor performance.
In general, thermal acclimation plays an important role on thermoregulation and locomotor performance that likely aff ect the fi tness of ectotherms (Bennett, 1980 ; Angilletta et al., 2002 ) . Traditional studies involving constant temperatures (e.g. Gilchrist et al., 1997 ; Yang et al., 2008 ) and this study with fl uctuating temperatures both observed induction of thermal acclimation to be essential for animal survival in particular environments. Given the widespread variation in thermal environment among seasons and geographic localities, such studies of thermal acclimation on fi tness-related phenotypes would not only reveal the ecological adaptation to local environment, but also facilitate to predict the responsive behaviors of ectotherms to climate warming in this millennium (Bradshaw and Holzapfel, 2006 ; Charmantier et al., 2008 ) . In addition, this study highlights the importance of interaction and cumulative eff ects of multiple environmental factors on behavior and physiology of animals; furthermore it suggests that multiple factor design would always be more desirable if it is not logistically formidable.
